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following sounds in answer: eff equals emm 
aye! Do not tolerate the mere reading of an 
equation in answer to a physical question. 

Do not tolerate vague statements. It is 
physically meaningless to say, for example, that 

acceleration is gain of velocity divided by 
time." The proper statement is that the aver- 
age acceleration of a "body during a given time 
is equal to the velocity gained by the body dur- 
ing the given time divided by the time. It is 
meaningless to say that "density is mass 
divided by volume." The proper statement is 
that the density of a body is equal to the mass 
of the body divided by its volume. 

Eequire the student to make every statement 
of definition, every statement of principle, every 
explanation of an equation, etc., as relating ex- 
plicitly to a particular condition or thing. 

The natural desire for brevity of statement 
is often allowed to go much farther than the 
elimination of the important element of ex- 
plicitness as above pointed out, and lead to 
complete obscurity of meaning as illustrated by 
the following example: A string 10 feet long is 
tied to a post and a force of 5 " pounds " is ex- 
erted on the post by pulling the string. This 
force certainly " acts through a distance of 10 
feet," and, the work done is 50 foot-" pounds " 
because "work is done when a force acts 
through a distance." This argument is found 
to be acceptable to about 60 per cent, of the 
men beginning a college course in mechanics! 
No! Work is done token a body on which a 
force acts moves in the direction of the force, 
and no dictionary ever denned the word through 
in a way to justify the use of the word to abbre- 
viate this 18-word statement as it is usually 
abbreviated in the study of physics (?) in 
school and college. Language has been devel- 
oped as a medium for dickering, quarreling and 
love-making, and language as used in precise 
physical specifications is always more or less 
awkward and more or less strained; but it is a 
serious mistake to obviate these things by 
using meaningless expressions and phrases. 

I have never talked with an electrical engi- 
neer who retained any helpful knowledge or 
understanding whatever from the study of elec- 
trostatics in his college course in physics; and 



every electrical engineering teacher will tell 
you that he cannot count on any knowledge or 
understanding, even incipient knowledge and 
understanding, of electrostatics among stu- 
dents who have just finished their college 
course in physics. Wm. S. Franklin 

Massachusetts Institute or Technology 



REQUIREMENTS OF A MONOGRAPH 
ON THE CHEMISTRY OF CELLULOSE i 

In a seminar devoted exclusively to tha 
chemistry of cellulose certain topical assign- 
ments were made to the students, who, after a 
careful and critical survey of the literature, re- 
ported their findings. The course served to 
emphasize a number of sad facts that are un- 
doubtedly known to all students in the field 
of cellulose chemistry. We were impressed by 
the enormous number, of undigested, uncorre- 
lated facts that had been amassed apparently 
as a result of technological studies. We were 
further impressed by the relatively small num- 
ber of fundamental studies (bearing the ear- 
marks of painstaking critique on the part of 
the investigator) that had a direct bearing on 
the constitution of cellulose, and by the amaz- 
ing method of presenting these facts in our 
best English text. It became quite evident as 
our course proceeded, that there was a lack of 
vision in the, interpretation of noteworthy re- 
sults in the literature; that little attention had 
been paid to the methods employed or judgment 
exercised by investigators in the experimental 
portions of their work; that scant attention had 
been given to the correlation of isolated experi- 
mental data, and that little differentiation had 
been made between qualitative and quantitative 
data in the formulation of hypotheses. To pre- 
sent the case briefly — it became very apparent 
that a critical monograph in the English lan- 
guage was little less than a necessity. Since 
the close of our seminar, Heuser's new " Lehr- 
buch der Cellulose Ohemie " has appeared, and 
this splendid work will receive further men- 
tion. 

A few examples will serve to illustrate the 
various points previously raised. Take the 
i Bead at the meeting of the American Chemical 
Society, New York, September 9. 



480 



SCIENCE 



[N. S. Vol. LIV. No. 1403 



case of the scientific investigations stimulated 
by the mercerization reaction. Since 1850 (or 
thereabouts) a number of investigators includ- 
ing Gladstone', 2 Vieweg 8 , Thiele, 4 Gross, 6 and 
others have assigned various formulas to the 
compound (or compounds) that had been 
formed between cellulose and sodium hydroxide 
when concentrated alkali acted upon cotton. 
The existence of such compounds was disputed 
by Hubner and Teltscher 6 and later by Leigh- 
ton. 7 From a hasty review it would appear that 
the existence of a definite compound between 
cellulose and sodium hydroxide had never been 
demonstrated, and that alkali cellulose may 
perhaps be attributed to adsorption phenomena. 
Nevertheless, Leighton's work has not affected 
our interpretation of the constitution of vis- 
cose, which presupposes a cellulose alcoholate, 
(CeHsOtOEa or some similar compound) which 
then reacts further with CS2 to form at the out- 
set of the " ripening " process sodium-cellulose- 
xanthogenate, which gradually hydrolyzes with 
the loss of EaOH and CS2 until cellulose is 
regenerated. It remains possible of course that 
the xanthogenate reactions given in our texts 
accurately represent the formation of viscose — 
and yet, in the light of Leighton's investiga- 
tions it is disconcerting to note the quiet as- 
surance and certainty with which this explana- 
tion of the xanthogenate reaction is generally 
accepted. 

A far more striking example of the lack of 
critic and indifference with which experimental 
details are treated in our modern cellulose lit- 
erature is to be found in the case of the hydro- 
lysis of cellulose to glucose. Our literature 
has been replete with confident statements that 
within the limits of experimental error, cellu- 
lose is quantitatively hydrolyzed to d-glucose: 

(0 6 H ll ,O B )„ + «H 2 -> nO,H u O,. 

Irvine and Soutar, 8 however, have justly shown 

2 J. Chem. Soo., 5, 17 (1853). 

aBer., 40, 3876 (1907). 

* Chemiker-Ztg., SS, 610 (1901). 

»" Cellulose," p. 23. 

e J. 800. Chem. Ind., 28, 641 (1909). 

1 J. Physical Chem., SO, 32 (1916). 

s /. Chem. Soe., 117, 1490 (1920). 



that this claim has always been made on the 
grounds of questionable or incomplete experi- 
mental evidence, and that in no case was dex- 
trose or a dextrose derivative isolated in any 
amount approaching the theoretical yield. 
There is no object in reviewing the work of 
Flechig, 9 Schwalbe and Schultz, 10 Willstatter 
and Zechmeister, 11 or Ost and his co-workers. 12 
Such a review would either show indirect evi- 
dence or incomplete evidence regarding this 
very fundamental reaction. It is only within 
the past year that Irvine and Soutar them- 
selves 8 have shown that the above equation is 
substantially correct and that at least 85 per 
cent, of dextrose is formed when cotton cellulose 
is hydrolyzed. They failed to account for less 
than 15 per cent, of the hydrolysis products. 
Irvine's work is noteworthy in that he isolates 
his compounds in a state of analytical purity. 
His experiments are all quantitative and all of 
his products are definitely identified. The 
judgment and critique exercised throughout 
this study are remarkable, and the research 
must stand as a classical one. It presents a 
marked contrast to the previous investigations 
in the same field. It is furthermore interesting 
to note that whenever the cellulose-dextrose re- 
lationship has been brought into question, the 
question has not been raised as the result of 
some investigators' lack of critique, but be- 
cause of certain reactions (like the bromo- 
methyl furfural reaction of Fenton and (Jost- 
ling) which were themselves far from quanti- 
tative, and the mechanism of which was not 
fully understood. 

During the course of the myriad cellulose in- 
vestigations that have crowded our literature, a 
number of so-called " compounds " of cellulose 
have been isolated and characterized. Let us 
examine briefly the case of the " oxycelluloses," 
compounds obtained by the oxidation of cellu- 
lose. There is no necessity of reviewing the 
methods of formation, or the properties of these 
substances. If we accept Hibbert's view of the 
constitution of cellulose, the oxidation of cellu- 

bZ. physiolog. Chem., 7, 523 (1883). 

ioSer., 43, 913 (1910). 

"JSer., 46, 2401 (1913). 

12 Chem. Ztg., 34, 461 (1910). 
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lose might run the entire gamut of hydroxy- 
aldehydes, hydroxyketones, hydroxyacids, keto- 
acids, etc., that could result from a product 
having two secondary and one primary alcohol 
groups for each six carbon atoms. Since the 
oxidation reaction is not infrequently accom- 
panied by hydrolysis, the possible number of 
products is accordingly increased. We have 
here a limitless field for speculation, and can 
think of an indefinite number of oxycelluloses, 
depending upon the type of oxidizing agent, the 
conditions of oxidation, on the amount of ox- 
idation product adsorbed on the residual cellu- 
lose, and possibly on other factors as well. It 
is quite evident that we can hardly hope for a 
homogeneous substance, and it is obvious that 
oxycellulose is a very vague and illusive term. 
It has no particular chemical significance and 
yet it persists in our present-day text-books 
on cellulose. The term " hydrocellulose " and 
" cellulose hydrates " enjoy a similar distinc- 
tion. The former has been shown to be a mix- 
ture of hydrolytic degradation products of 
cellulose and cellulose itself. Whereas the lat- 
ter (in many cases at least) appears to be cellu- 
lose itself — changed physically it is true — but 
hardly meriting the term applied td it. 

I might continue further and point out the 
incongruities in our literature on lignocellulose 
and the other so-called " compound celluloses," 
or the ever-shifting meaning of the term cellu- 
lose itself when applied to a substance other 
than the seed hairs of the cotton plant. Further 
reference is unnecessary however. It is quite 
clear that we have certain chemically meaning- 
less but highly respected terms in our cellulose 
literature, that the results of numberless ex- 
periments remain uncorrelated with the prop- 
erties of the typical cellulose and that our 
cellulose literature is becoming increasingly 
unwieldy. I hasten to add, however, that in 
certain quarters this lack of critique and cohe- 
sion is rapidly being remedied — and it is in 
these quarters that our monographers should 
seek their inspiration. 

To my mind, the primary objects of any 
monograph on cellulose are: (1) to stimulate 
further research along scientifically profitable 
channels; (2) to present the literature in such 



a way that the reader may have a reliable means 
of knowing whether or not previous statements 
can be accepted without reservation; (3) to 
present the data with a view towards giving the 
reader a comprehensive survey of the cellulose 
field without losing him in a maze of detail; 
(4) to pave the way for a more satisfactory 
definition of the term cellulose. 

To gain these objectives, the author should 
remain uninfluenced (whenever necessary) by 
the orthodox procedure of previous writers, and 
should approach his problem in an essentially 
modern spirit. He must effect a liaison between 
some of the hitherto isolated facts in cellulose 
chemistry. He should use the greatest critical 
ability at his command, and give weight to re- 
sults of those investigators who have used 
proper critique in their own work. Further- 
more, he should select his material in such a 
way that with slight revision and proper addi- 
tions, the work would remain a standard book 
of reference for a number of years to come. 

It is quite possible to cleverly compile into 
a scholarly treatise (or series of treatises) a 
mass of detailed information — but such a 
volume would hardly meet our requirements. 
We need a critical compilation — sugges- 
tively written — that will give due weight to 
important qualitative reactions of cellulose 
and to the results of quantitative studies as 
well. The danger of formulating hypotheses 
on the basis of purely qualitative reactions 
should be constantly kept in mind. Articles 
in which unwarranted conclusions have been 
drawn without sufficient data, or in which 
the critic of the investigator is questionable 
should be subordinated or entirely deleted. 
Many of the vague terms now in common 
usage in the cellulose literature should be re- 
defined or excluded. 

Technological aspects of cellulose chemistry 
deserve no place in such a monograph. Para- 
doxical as it may seem, such a volume should 
in the end prove more serviceable and sug- 
gestive to the cellulose industry than would 
one which is diluted with references to the 
technological processes. This is especially 
true since we are already in possession of 
some noteworthy monographs in which these 
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technological processes have been compiled 
■with the greatest patience and industry. 

At the outset it would be advisable to pub- 
lish only one monograph dealing with cellu- 
lose chemistry. It would be unfortunate if 
the society published a series of separate 
monographs on such subjects as (let us say) 
cellulose hydrates or oxycellulosa If one 
monograph cannot be made the joint work 
of two authors (an organic and a physical 
chemist), it might be well to have two 
monographs, one on the "chemistry of cel- 
lulose," and one on "cellulose as a colloid." 
Needless to say these books should supple- 
ment each other. I can not help feeling that 
an extended series must lead us into the same 
difficulties that we have encountered in the 
past, and I do not think that such a series 
would prove a good investment. Certainly 
the details in a number of volumes of an ex- 
tended series would be obsolete in a compara- 
tively short time. A carefully written volume 
of 300-400 pages with a properly classified 
bibliography should serve our purpose better 
than would an entire series. 

I claim no originality for the ideas set 
forth nor are they Utopian. They form the 
basis of Heuser's recent "Lehrbuch der Cel- 
lulose Chemie." From the standpoint of the 
organic chemist, Heuser's Lehrbuch is the 
best monograph in its field. Unfortunately 
it was published several months too early to 
include the results of Hibbert's and Irvine's 
work on cellulose and Haworth's work on 
cellobiose, and it suffers accordingly. Heuser 
has written with a clear vision of the require- 
ments of a modern monograph on cellulose. 
His writing is singularly free from circum- 
locution and from perplexing detail. He de- 
velops his subject matter clearly and logic- 
ally. He has, however, omitted full reference 
to the modern work on the colloidal chemistry 
of cellulose, an oversight that should be cor- 
rected in any American monograph. 

Summary. — (1) We require a monograph 
on the chemistry of cellulose that briefly and 
critically presents the most noteworthy re- 
sults in the cellulose field. (2) The mono- 
graph must be more than a painstaking com- 



pilation. (3) It should carefully select the 
literature dealing with the most important 
reactions of cellulose as well as the results 
of the more recent researches on the physical 
properties of cellulose. (4) It should be 
written to stimulate fundamental research. 
(5) It should be free from inconsequential 
or meaningless terms and hypotheses. 

Louis E. Wise 
N. Y. State College or Forestry, 
Syracuse, N. Y. 



EUGENICS— THE AMERICAN AND NOR- 
WEGIAN PROGRAMS 

Dr. Jon Alfred Mjoen, recognized by the 
Norwegian Government as the leader in 
eugenic and hygienic reform, issued from the 
Winderen Laboratorium, May, 1908, the fol- 
lowing "Program for Race Hygiene": 

Negative Race Hygiene, (a) Segregation (neg- 
ative colonization system) for feeble minded, 
epileptics and similar physieally and mentally erip- 
pled individuals, obligatory for drunkards, habitual 
criminals, professional beggars and all who refuse 
to work. (6) Sterilization. No compulsory steri- 
lization in general. Certain types of criminals who 
wish to escape segregation should be given a* 
opportunity to be sterilized. 

Positive Eaoe Hygiene, (c) Biological Enlight- 
enment. Education of women in school and univer- 
sity should be changed from the present masculine 
system to one adapted to the female intellect and 
mind. Biology (renewal of the family), chemistry 
(nourishment of the family), and hygiene (protec- 
tion of the family) should be chief subjects (obli- 
gatory) , from the preliminary class in the boarding 
school to the university. — Race biology in school and 
university institute for genealogical research. State 
laboratory for race hygiene, (d) lax-, Wage- and 
Colonizationsy Btemia favor of families, maternity 
insurance and other protective measures of prenatal 
Kind. Positive colonization system. Regressive tax 
and progressive wage system for heads of families. 

Prophylactic Rage Hygiene, (e) Combating 
racial poisons: industrial poisons, especially lead 
and lead compounds; pathological poisons, especially 
syphilis; nareotic poisons, especially alcohol. (1) 
Prophylaxis of race illnesses and race anomalies as 
a state function. (2) Health declaration before 
marriage. (3) Class-system and progressive taxa- 
tion for alcoholic liquors. (/) Crossings between 



